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Abstract
This paper presents an Integer Linear Programming model for a multi-pro-
duct lot-sizing problem. The problem considers demands, inventory poli-
ǰȱȱȱȱȱȱȱȱĜȱȱȱȱǻȱ
and workers). The real-world case used to illustrate the model is from a Co-
lombian company, which produces raw material for the bakery industry. 
The short term planning for the company under study is critical, because 
ȱ ȱ ȱȬȱ ȱ ȱ ȱ ȱ ¢ȱ ěȱ
ȱȱǯȱȱȱ¡ȱ ȱȱě-
ness of the proposed model.
Resumen
Este artículo presenta un modelo de programación entera para un problema de ta-
maño de lote con múltiples productos. El problema considera demandas, políticas de 
ǰȱȱȱȱ¢ȱȱøȱȱȱęȱȱȱǻ¤ȱ¢ȱ
trabajadores). El caso real que se utilizó para ilustrar el modelo es de una compañía 
colombiana, la cual produce materias primas para la industria de la panadería. La 
planeación a corto plazo para la compañía bajo estudio es crítica, debido a que existe 
un ambiente de multiproductos con  recursos compartidos por diferentes productos 
y procesos. Los experimentos computacionales muestran la efectividad del modelo 
propuesto.
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Introduction
The manufacturing operations planning in the short 
ȱęȱȱȱ ¢ȱȱǯȱȱȱ¢ȱ-
ȱȱȱȱ¢ȱȱȱęȱ-
racteristics of a particular manufacturing system. These 
ȱ¢ȱȱȱȬ ȱȱěȱ-
ȱȱȱȬȱǯȱȱę-
ȱȱȬ£ȱȱǻǼȱȱȱȱ
decision variables from the production and inventory 
control area, and their impact on the service level. 
¢ǰȱȱȱȱȱȱȱȱȱ-
ze the sum of the total holding costs, of the stock-out 
ǰȱȱȱȱȱȱ ȱěȱȱȱ
ȱȱ¢ȱǻRobinson et al., 2009; Jans and Degrae-
ve, 2007).
In particular, our problem considers several cha-
racteristics increasing the complexity of the traditional 
ǯȱ In this work, the proposed integer lineal pro-
ȱ ȱ ǻǼȱ ȱ ȱ ȱ ȱ
time horizon, number of levels, number of products, 
ȱĴȱȱǰȱȱ¢ǰȱȬ
orders, and setups structures. Karimi et alǯȱǻŘŖŖřǼ pro-
ȱȱȱęȱȱ ȱȱ ȱ
ȱ ȱ ȱ ȱ ȱ Ȭ£ȱ ǯȱ ěȱ
models by including one item for incapacitated and 
ȱȱȱȱȱȱȱȱȱ
Brahimi et alǯȱǻŘŖŖŜǼǯȱȱǰȱȱȱ-
der one product, few production stages, and known 
demands.
Aksen et alǯȱ ǻŘŖŖřǼȱ ȱȱȱȱ -
diate lost sales by considering inventory policies for a 
single product; while Absi and Kedad ǻŘŖŖŞǼȱconsider 
inventory policies for a multi-item capacitated model 
by adding setup times. Robinson et alǯȱǻŘŖŖşǼǲȱȱȱ
ȱ ǻŘŖŖŝǼ, introduce three important concepts 
about inventory management: stock out, back-orders 
and holding costs. All of these approaches consider a 
dynamic demand environment.
Capacity constraints and relaxed demand constra-
ȱ ȱȱ¢ȱȱȱȱȱǻŘŖŖŝǼǯȱȱ
relaxation includes variables to represent back-orders 
ȱ ¢ȱ ȱ ȱ ěȱ ǯȱ ȱ
ȱȱȱȱȱȱȱǻŘŖŖŖǼǯȱ
Toro et alǯȱǻŘŖŖşǼȱȱȱet alǯȱǻŘŖŖşǼȱȱȱȱ
constraints and variables to represent the multiple sta-
ȱȱȱȱǯȱȱȱ ǰȱȱ ȱȱ
ȱǱȱȱ ȱȬȱ-
tups. All conditions previously presented increase 
computational complexity with a major computational 
ěǯȱ
ȱȱ ȱ ȱȱȱȱ
by Xie and Dong ǻŘŖŖŘǼȱȱȱǻŘŖŖşǼǯ
A production program in a multi-product environ-
ment must consider three fundamental aspects: 
i)  the type of products to schedule, 
ii)  the amount of products to produce, 
iii)  the time to make the products.
ȱęȱȱȱ¢ȱȱ¢ȱȱ¢ȱȱ
an item close to stock out or to reorder point. The other 
two aspects are closely related, if small batches are 
scheduled. The way of scheduling lots, their sizes, and 
ȱǰȱȱȱȱȱȱȱęȱ-
ȱȱȱȱǯȱĴȱȱȱ
¢ȱȱȱĜ¢ǰȱȱȱ¢ȱȱ-
ling time for a single product at a given time. This deci-
ȱȱěȱȱȱȱȱ¢ǯ
In this paper, the considered real-world case has a 
batch system for the production of a bakery industry. 
¢ǰȱ ěȱ ¢ȱ ȱ ǻȱ ǰȱ
premixes, and sugar among others), and a wide range 
ȱȱȱȱǯȱȱǰȱȱ-
ȱȱȱ¢ȱěȱȱ ȱ
approximately two thousand tons annually. In addi-
tion, a two-stage multi-product environment with de-
terministic demands allowing back-orders and holding 
inventory is considered. Due to similarity inside each 
family of products, setups are considered as constants 
 ȱȱȱǯ
Mathematical model
Let us introduce the following notation for the propo-
sed ILP model:
6HWV
 set of products indexed by i, where i = 1,..., I
 set of shifts indexed by j, where j = 1, ..., J
 set of days indexed by k, where k = 1, ..., K
 set of machines indexed by m, where m = 1, ..., M 
6XEVHWV
 subset of production machines indexed by m, where 
m א΅ ك M
 subset of packing machines indexed by m, where m 
אΆ ك M
 subset of products with a production stage indexed 
by i, where i אμ ك I
 subset of products with production and packing 
stage indexed by i, where i אΌȱك I
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3DUDPHWHUV
HimǱȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱȱȱȱǻȦǼ
PmǱȱȱ Ȭ ȱȱȱȱȱȱȱȱ
ǻȱȱǼ
MO: total persons available
RPiǱȱ ¡ȱȱȱȱȱǻǼ
ISiǱȱ ȱȱȱȱȱǻǼ
RDikǱȱ¢ȱȱȱȱȱȱ¢ȱȱǻȦ¢Ǽ
CIiǱȱ ȱȱȱȱȱǻǞȦȬ¢Ǽ
CBiǱȱ ȱȱȱȱȱǻǞȦȬ¢Ǽ
CHmǱȱȱȱȱȱȱǻǞȦǼ
HMǱȱ¡ȱȱǻǼ
HTǱȱ ȱȱȱȱǻȦǼ
AǱȱ ȱȱǻȦǼ
TMLiǱȱȱȬ£ȱȱȱȱǻǼ
'HFLVLRQYDULDEOHV
xijkm: amount of product i scheduled in shift j of day k at 
ȱȱǻǼ
yjkm: 1 if shift j is scheduled in day k at machine m, 0 
otherwise
hejkmǱȱȱȱȱȱȱ¢ȱȱȱȱȱǻǼ
fikǱȱ ȱȱȱȱȱ¢ȱȱǻǼ
sikǱȱ ¢ȱȱȱȱȱ¢ȱȱǻǼ
wipikǱȱ ȱȱȱȱȱȱȱ¢ȱȱǻǼ
wijkm: 1 if product i is scheduled in shift j in day k at ma-
chine m, 0 otherwise
Objective function
ȱȱȱȱ¢ȱȱęȱ¢ȱȱě-
rent sets of costs: holding costs, backorder costs, and 
ȱǯȱȱęȱȱǻȱǼȱȱȱȱ
ȱȱ ȱ ȱȱȱȱ ǰȱ
ȱ ȱ ȱ ęȱ ȱ ȱ ȱ ȱ ǰȱ
 ȱȱȱȱ ȱǯȱȱȱȱǻ-
ȱǼȱȱȱȱȱȱȱę-
ȱ¢ȱȱęȱǯȱ¢ǰȱȱȱȱǻȱ
costs) is considered as a linear ratio which represents 
additional time for each machine. The objective function 
ȱȱȱ£ȱȱȱȱǻŗǼǱ
ǻŗǼ
Constraints
ȱ ǻŘǼȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
each shift for each machine must not exceed the total 
available hard-work force.
ǻŘǼ
ȱǻřǼȱȱȱȱ¢ǯȱȱ¡-
mum capacity is expressed as the sums of the time avai-
ȱȱȱȱ
ǰȱȱȱȱǰȱȱ
the sum of the setup time employed by each assigned 
product. These constraints are considered as produc-
ȱ Ĝ¢ȱ ȱ ȱ £ȱȱ ȱȱȱ ȱ
larger, and the number of setups is smaller.
ǻřǼ
ȱ ǻŚǼȱ ȱ ȱ ȱ ȱ ȱ ¡-
mum number of possible hours.
ǻŚǼ
ȱ ǻśǼǰȱ ǻŜǼȱȱ ǻŝǼȱȱ ȱ ȱ-
ween shift programming and scheduled products du-
ȱȱȱȱ¢ȱȱȬ£ȱǻ ȱ
is set within the range [TMLi , RPi]), and setup time for 
each product.
ǻśǼ
ǻŜǼ
ǻŝǼ
ȱǻŞǼȱȱȬȱȱ¢ȱ-
trol to keep inventory balance among days. The basic 
expression considered here is initial stock + production-
ȱȱƽȱęȱ¢ǯȱȱęȱ¢ȱȱ
shown as a linear combination of fik and sik. Indeed, only 
one of these set of variables will be activated each time, 
because the cost in the objective function.
ǻŞǼ
¢ǰȱ ȱȬȱ ȱ ȱ ȱ ȱ ǻşǼǯȱȱ
ęȱ¢ȱȱȱȱȱȬŗȱȱǯ
ǻşǼ
ȱǻŗŖǼȱȱǻŗŗǼǰȱȱȱȱ¡-
ȱȱǻşǼȱȱȱȱȱȱȱΌ
ǻŗŖǼ
    i ik i ik m jkm
i k i k j k m
CI s CB f CH he ¦¦ ¦¦ ¦¦¦
 ,   m jkm
m j
P y MO kd ¦¦
 ,   , ,im ijkm jkm jkm ijkm
i i
H x HTy he Aw j k md   ¦ ¦
,     , , ,  ijkm jkmw y i j k md 
  ,  , ,      jkm jkmhe HMy j k md 
 ,   , , ,  ijkm i ijkmx TML w i j k mt 
,   , , ,ijkm i ijkmx RPw i j k md 
1 1 1 1  ,    i ij m i i i
j m
IS x RD s f i μ
D
     ¦¦
 1  1    ,   ,  1   ijkm i k i k ik ik ik
j m
x s f RD s f i μ k
D
 

       !¦¦
1 1 1 1   ,    i ij m i i i
j m
IS x RD s f i
E
T

     ¦¦
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ǻŗŗǼ
ȱΌȱ ȱ  ȱ ȱǰȱ ȱȱ ȱ
ȱȱȱȱĚ ȱȱ ȱȱǯȱ
ȱǻŗŘǼȱȱȱęȱǰȱȱ-
ȱǻŗřǼȱȱȱȬȱǯ
ǻŗŘǼ
ǻŗřǼ
ȱǻŗŚǼȱȱȱȬ¢ȱǯ
ǻŗŚǼ
Computational results
6FHQDULRV
ȱěȱȱ ȱȱȱȱȱ
behavior of the system and the relations between varia-
bles, constraints and parameters in the proposed mo-
ǯȱ ȱ ȱ ȱ ěȱ ǰȱ ȱ
ȱȱȱǯȱȱŗȱ ȱȱ
information of the initial stock, the overall demand, 
ȱȱȱȱȱ¢ȱǯ
7DEOH,QVWDQFHVIHDWXUHVNJ
Instance
Initial            

ȱȱȱȱȱȱ
Demand
Production 

Month A ŗřşşŚŚ řŝŚŚŖŖ ŘřŚŚśŜ
Month B ŗśşŞŞŞ řŜŜŜŖŖ ŘŖŜŝŗŘ
Month C ŗŗřŖŘş řśŘŘŖŖ Řřşŗŝŗ
ȱȱȱěȱȱȱěȱ
ȱ ǯȱ ¢ǰȱ ȱ -
ȱȱȱȱȱȱȱ ȱȱě-
rent.
Global results
ȱȱ ȱȱȱ¢ȱȱȱŗŘǯřȱȱȱ
ȱȱśȱŘǯřȱ	
£ȱȱ ȱŚȱ	ȱȱ¢ǯȱȱ
the used real-world case, the computing time of the pro-
posed model is relevant, in order to be considered as 
support decisions tool for a short period term. Indeed, 
ȱȱȱȱĜȱȱȱȱ-
ȱ£ǯȱȱŗȱ ȱȱȱȱȱȱ-
ȱ ȱȱęȱȱȱǯȱȱȱ
for months A and C are similar respect to the computing 
time. It can be inferred by the fact of the relations with 
the total number of kilograms used by the company. In 
the case of month B, the computing time is smaller be-
cause the amount is only almost by thirty tons.
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The proposed instances consider seventy products, 
ęȱ ȱǰȱȱǰȱȱȱȱ£ȱ
of twenty four days.
Performance of the objective function
Table 2 details the costs obtained for each instance. We 
ȱȱȱęȱȱ ȱȱȱ-
ning method used by the company. It is worth to note 
that the proposed model outperforms the currently plan-
ning method respect to the overall cost. Indeed, the main 
reductions of the costs occur in backorder cost and in-
ventory cost.
Lot size
ȱȱ£ȱȱȱęȱȱȱȱȱĜ¢ȱ
and the cost of the production program. In a multi-pro-
duct environment, a big lot size for a given product can 
delay the production of the other products. This situa-
ȱȱȱȱȱȱȱǻȱ
and hard-work force). In the previously traditional 
planning method, the considered lots had an average of 
two thousand kilograms. The proposed ILP model is 
ȱȱęȱȱȱȱȱȱȱě-
ȱǯȱȱȱȱȱȱȱȱ
řǯȱȱȱǰȱȱ ȱȱȱǱȱȱ
ȱȱȱ£ȱȱȱǰȱȱȱȱȱ-
ȱȱȱǰȱŗȱȱ ȱęȱȱǻ ȱ
ŘśƖȱ ȱ Ǽǰȱ Řȱ ȱ ȱ ȱ ȱ ǻȱ ȱ ȱ
Ǽǰȱřȱȱȱȱǰȱ ȱŝśƖǯ
The obtained lot sizes consider less than 1700 kg. In-
deed, this lot size permits to produce many products 
¢ȱȱ¢ȱȱǰȱȱȱ
stock-outs.
Efficiency analysis
We have added some new variables and constraints 
to the proposed ILP model. These variables and cons-
traints allow estimating other performance measu-
res. The variables at represent the scheduled time 
and variables st represent the total time spent during 
setups.
ǻŗśǼ
ǻŗŜǼ
ǻŗŝǼ
ȱŚȱȱȱȱȱ¢ȱȱĜ¢ȱȱ
ȱ ȱȱ ȱ ȱ ȱǯȱ ǰȱ ȱ Śȱ
 ȱȱǰȱȱǰȱȱĜ¢ǯȱ
The results of the proposed ILP model are slightly 
Ĵȱȱȱȱ¢ȱȱȱȱ
method. In the traditional planning method bigger lots 
ȱǰȱȱȱĜ¢ȱȱǯȱǰȱ
matching the demands of many products for a given 
ȱȱȱȱȱȱĜ¢ȱȱȱ
system.
7DEOH&RPSDULVRQRIWKHSHUIRUPDQFHIRUHDFKLQJUHGLHQWRIWKHREMHFWLYHIXQFWLRQWKRXVDQG
 Traditional planning method Proposed integer lineal model
Instance Inventory Backorder  ȱcost Inventory Backorder 
ȱ
cost
Month A ŘŜŗŜ řŝŗř ŘŞŚ ŜŜŗŘ ŗŝŞŞ 22 ŗśŜ ŗşŜŜ
Month B ŗşŖŚ ŚŞřř řř ŜŝŝŖ ŗŜśŞ 19 Ś ŗŜŞŗ
Month C ŘśŞŝ ŚŚşŜ 209 7292 ŗřŚŝ ŗŞ 21 ŗřŞś
7DEOH/RWVL]HNJ
Instance Average STD Q1 Q2 Q3
Month A ŗřŗŗ şŞŘ ŜřŖ şşŜ ŗŝŗŚ
Month B 1091 ŝŝŜ ŜŖŖ ŝŜŞ 1222
Month C ŗŗŝŞ 792 ŜŖŖ ŞŗŖ ŗśŖŖ
jkm
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Concluding remarks
ȱȱȱ ȱ ěȱ ȱ ȱ ȱ ȱ
multi-product lot-sizing problem. The results show 
that ILP model outperforms the traditional planning 
method used by the real-world company. The objective 
function considers holding costs, backorder costs, and 
overtime costs. This approximation allows establishing 
ȱ ȱȱ ǯȱȱȱ
ȱ£ȱȱȱ¢ȱȱȱȱȱ-
ěȱȱȱȱȱȱȱȱȱ-
tain amount of inventory.
The total computing time of the proposed ILP mo-
del is considerably high because the number of varia-
bles and constraints. Moreover, since the multi-product 
lot-sizing problem is a monthly planning problem, the 
ȱȱȱȱ¢ǯȱǰȱȱ-
ting time remains in an acceptable range for a tactical 
decision like multi-product lot-sizing problem. Addi-
¢ǰȱȱ ȱȱŗŖƖȱȱȱȱȱȱ
solution can be obtained, within short computing ti-
mes. These values could be used as an approximation 
method for production planning by the real-world 
company. 
In a multi-product environment, the size of each ba-
ȱěȱȱȱȱ¢ȱȱȱȱȱȱ
ȱ ȱ ȱȱ ȱȱȱ ǻȱ
and machines). In particular, a common aspect is to 
ȱȱȱǻȱȱȱȱȱ
ȱȱȱŗŞŖŖȱǼǯ
Acknowledgment
The work of the second author has been partially sup-
ȱ¢ȱȱǻȱ£ǰȱ¥ȱȱ-
Ǽǰȱ¢ȱȱęȱȱȱǰȱ
Colombia. This support is gratefully acknowledged.
References
ȱǯȱȱȱ£ȱȱȱȱ	ȱȱȱ
ȱȱȱȱȱȱȱȱǯȱ
Computers Industrial Engineeringǰȱ ȱ řŞȱ ǻȱ ŚǼǰȱ ŘŖŖŖǱȱ
ŚśŝȬŚŜśǯ
ȱǯǰȱȬȱǯȱȱȬȱȱȬ-
£ȱȱ ȱȱȱȱȱǯȱEuropean 
Journal of Operational Researchǰȱ ȱ ŗŞśȱ ǻȱ řǼǰȱ ŘŖŖŞǱȱ
ŗřśŗȬŗřŝŚǯ
ȱ ǯǰȱȱ ǯǰȱ ȱ ǯȱ ȱ Ȭȱ Ȭ£ȱ
ȱ ȱȱȱǯȱEuropean Journal of Opera-
tional ResearchǰȱȱŗŚŝȱǻȱřǼǰȱŘŖŖřǱȱśśŞȬśŜŜǯ
ȱǯȱȱȱȱ	 ȱ ȱȱȱȬ
£ȱǯȱComputers and Operations ResearchǰȱȱřŚȱ
ǻȱşǼǰȱŘŖŖŝǱȱŘŞŖśȬŘŞŘřǯ
ȱǯǰȱ£Ȭȱǯǰȱȱǯǯǰȱȱǯȱȱȱ
ȱ£ȱǯȱEuropean Journal of Operational Research, 
ȱŗŜŞȱǻȱŗǼǰȱŘŖŖŜǱȱŗȬŗŜǯ
ȱǯǰȱȱǯȱȬ
ȱȱ¢ȱȱ£Ǳȱȱ
 ȱ ȱ ȱ ȱ ȱǯȱEuropean 
Journal of Operational Researchǰȱ ȱ ŗŝŝȱ ǻȱ řǼǰȱ ŘŖŖŝǱȱ
ŗŞśśȬŗŞŝśǯ
ȱǯǰȱ	ȱǯǯǰȱȱǯȱȱȱȱ£ȱ-
blem: a Review of Models and Algorithms. Omegaǰȱȱřŗȱ
ǻȱśǼǰȱŘŖŖřǱȱřŜśȬřŝŞǯ
ȱǯǰȱ ȱǯǯǰȱȱǯǯȱȱĜȱȱȱȱȱ
ȱȬ£ȱȱȱȱ ȱ-
ȬȱǯȱInternational Journal of Production Econo-
micsǰȱȱŗŗŞȱǻȱŗǼǰȱŘŖŖşǱȱŘŞŘȬŗşŗǯ
ȱǯȱȱȱȱȱ
ȱȱȬȱ
¢ȱȱȬ£ȱ ȱȱȱ-
city. International Journal of Production Economics, volume 
ŗŗŞȱǻȱŗǼǰȱŘŖŖşǱȱřŖśȬřŗŖǯ
ȱǯǰȱ¢ȱǯǰȱȱǯȱȱȱ
¢ȱȱȬ£ȱǱȱȱ ȱȱȱ
and Algorithms. OmegaǰȱȱřŝȱǻȱŗǼǰȱŘŖŖşǱȱřȬŗśǯ
ȱǯǯǰȱȱǯǰȱȱǯǯȱȱ£ȱȱȱ-
£ȱȱȱȬȱǯȱComputers and Industrial 
EngineeringǰȱȱśŝȱǻȱřǼǰȱŘŖŖşǱȱŞŗřȬŞŘŗǯ
ȱǯǰȱȱǯȱ
ȱ	ȱȱȱ	ȱ-
ȱ Ȭ£ȱ ǯȱ Computers and Mathematics with 
ApplicationsǰȱȱŚŚǰȱŘŖŖŘǱȱŘŜřȬŘŝŜǯ
 7DEOH&RPSDULVRQRIHIILFLHQF\SHUIRUPDQFH
 Traditional planning method Proposed integer lineal model
Instance Scheduled time(hr)
Setup            
time(hr) Ĝ¢ȱǻƖǼ
Scheduled 
time(hr)
Setup            
time(hr) Ĝ¢ȱǻƖǼ
Month A şŞŖ ŞŚ 91 şŝŜ ŜŞǯś şř
Month B 1000 ŞŘ 91 şŖŚ ŝŖǯř 92
Month C şŜŖ 92 90 ŗŖŗŜ ŝŝǯř 92
419
Gómez-Herrera Juan Alejandro, Escobar
 
John Willmer and Figueroa-Cabrera Álvaro
Ingeniería Investigación y Tecnología, volumen XIV (número3), julio-septiembre 2013: 413-419 ISSN 1405-7743 FI-UNAM
Abouth the authors
Juan Alejandro Gómez-Herrera. PhD student in mathematics for Engineers at École 
¢ȱȱ·ǰȱǯȱȱȱȱȱȱȱ
ȱȱȱȱȱȱȱęȱȱ-
ǰȱ ǰȱ ǯȱ
ȱ ȱ ȱ ȱ ȱ ȱ
research, production planning, inventory control, combinatorial optimiza-
ȱȱȱęȱǯ
John Willmer Escobar. ȱȱȱȱȱȱȱȱ-
versity of Bologna, Italy. Currently, works as fellow researcher in Department 
ȱǰȱȱȱȱ¢ȱǻǼȱȱ¢ȱȱ-
ǰȱ ¢ǯȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱȱ -
ȱ ǻ£ȱ ȱ Ǽȱ ȱ ęȱ ȱ ǰȱ
ȱȱȱȱǰȱǰȱǯȱ
ȱȱȱȱ
applied operations research, inventory control and warehousing science, 
transportation and facility location, stochastic optimization, metaheuristics 
and exact methods.
Álvaro Figueroa-Cabrera. Master engineering and operations research specialist at 
ȱȱ¢ǰȱ¡ǯȱ¢ǰȱȱȱȱȱ-
ȱ ȱ ȱȱ ȱ ȱ ȱ ȱ ȱ ȱ ęȱ
ȱǰȱǰȱǯȱ
ȱȱȱȱȱ
ȱȱǻǼǰȱ¢ȱȱȱ ȱǰȱ-
lity control, planning and, assurance methods.
Citation for this article:
Chicago citation style 
*yPH]+HUUHUD -XDQ $OHMDQGUR -RKQ :LOOPHU (VFREDU ÉOYDUR
)LJXHURD&DEUHUD$0XOWL3URGXFW/RW6L]LQJ0RGHOIRUD0DQX
IDFWXULQJ&RPSDQ\Ingeniería,QYHVWLJDFLón y Tecnología;,9

ISO 690 citation style 
*yPH]+HUUHUD -$ (VFREDU -:)LJXHURD&DEUHUD$$0XOWL
3URGXFW/RW6L]LQJ0RGHOIRUD0DQXIDFWXULQJ&RPSDQ\Ingenie-
UtD,QYHVWLJDFLyQ\7HFQRORJtDYROXPH;,9LVVXH-XO\6HSWHPEHU

